Abstract. The fundamental purpose of our newly proposed approach is to extract distinguishing features because feature extraction is one of the most important steps in mechanical fault diagnosis. In the feature extraction process, time domain feature analysis is a traditional feature extraction method of statistics. When the vibration signals are no stationary and nonlinearly, EMD[1] techniques may have better performance than traditional techniques. Also, EMD is a self-adaptive processing method, which means less manual work. Unfortunately, engineering and interpreting such features requires a significant level of human expertise. To enable non-experts in vibration analysis, the overhead of feature engineering for specific faults needs to be reduced as much as possible. In this paper, an empirical mode decomposition (EMD) transform method with time do maim feature extraction is used, which is combined with convolutional neural networks (CNNs)[2] is proposed to establish a new fault diagnosis method based on EMD-CNNs. Furthermore, the new combined feature-learning fault diagnosis method is compared to a feature-engineering approach based using the EMD and time domain feature extraction method, the results of our proposed approach are also compared with works in some other papers, which illustrates that, our method based on EMD-CNNs is more effective and the accuracy of fault diagnosis is higher.
Introduction
Rolling bearings are the most versatile industrial machinery but also the most prone to failure of the components, bearing failure is the result of machine damage if the bearing failure can not accurately for diagnosis and timely processing, will lead to downtime, cut off or even cause people casualties and other serious consequences. Therefore, the exact bearing on the rolling bearing fault diagnosis, timely detection of hidden dangers and maintenance treatment, to improve the enterprise production efficiency, reduce industrial losses is of great significance.
Research about Rolling-element bearings (REBs) are very important field in industry, its main purpose is to lower the cost of the case as much as possible to enhance the industrial system reliability and availability. In practice, fault diagnosis for REBs vibration is not a simple task, it is essentially a pattern recognition problem, only for the fault data for effective feature extraction and accurate identification of classification in order to protect higher diagnostic accuracy.
To detect if a fault is present, time domain features analysis is often done which have long been used in the aspect of fault diagnosis for rotating machinery. The time domain features such as mean value, root mean squares, standard deviation, kurtosis, and skewness.
Empirical mode decomposition (EMD),with which any complicated signal can be decomposed into a finite and small number of intrinsic mode functions (IMF) [3] .Being a time-frequency analysis technique, empirical mode decomposition (EMD) shows its powerful ability for signal analysis. The analysis process of EMD is not based on predetermined parameters but takes the local time scales of the signls into consideration.
In recent years, with the fast development of deep learning especially the convolutional neural networks (CNNs), image classification have achieved incredible success. Some studies show that CNNs can also be used directly on vibration fault signals. A CNN structure is made up of three types of layers, which are convolutional layer, sub sampling layer, and fully connected layer with a loss function such as SVM [4] . Figure 1 is a typical structure of The remainder of this paper is organized as follows. The intelligent diagnosis method based on CNNs is introduced in Section 2. Some experiments are conducted to compare our methods with some common methods. Then discussions about the results of the experiments are presented in Section 3. We make the conclusions in Section 4.
Methodology

The EMD Method
The EMD method is based on the assumption that any signal is by a series of amplitude and phase are changing with the time, that is a basic pattern and the basic pattern of components must satisfy two conditions, namely the number of zeros with the pole number is equal to or more than 1, and the maximum and minimum Value under the envelope determined on time axis locally symmetric. The Huang mode component is defined as the intrinsic mode function, namely IMF. The EMD method can filter out the multi-component signals of each order IMF component, its specific steps are as follows:
Set the original signal for ) (t x [4] (1) Determination ) (t x of all maxima and minima; (2) According to the maximum and minimum values construct the envelope with cubic spline technique.
(3) According to the upper and lower envelope, calculate the local mean 1 m , and we could get 1 h by subtracting the mean value 1 m from the original signal ) (t x :
h is used to replace the original signal ) (t x , repeat the above three steps, until the variance Each IMF component reflects the intrinsic modal characteristics of different time scales of the original signal, and narrow-band signal, so that the instantaneous frequency has the exact physical meaning. We take the information entropy of EMD as bearing fault feature value, and we define E 1 , E 2 ……E n as energies of the n IMFS when decomposing REBs fault diagnosis ,so This can be expressed as IMFs energy formula:
The letter m is the sample data point scale, and the total energy of all IMFs is:
The entropy of EMD is:
Where pi is the probability of energy entropy i th IMFs, in our method we chose E 1 , E 2 , ……E 5 , E en as fault features because n E E ... 6 energy usually less than 1% of the number 1 IMF.
The decomposition result of a simple signal is shown in Fig. 1 . In order to characterize the bearing fault information more abundant, introduced in our method time domain features, It is the basis of the traditional method in time domain, the features and formula as the Table 1 
Empirical mode decomposition
Convolutional Neural Network
A Brief Introduction to CNNs
The architecture of CNNs is briefly introduced in this section, more details for CNNs can be found in [5] .The convolutional neural network is a multi-stage neural network which is composed of some filter stages and one classification stage. A CNN structure is made up of three types of layers, which are convolutional layer, sub sampling layer, and fully connected layer with a loss function such as SVM.
The CNN structure [6] [7] our approach use as Fig. 2 shows: Figure 2 . Structure of convolutional neural network. Fig.3 shows our proposed fault diagnosis structure: Figure 3 . Representation of proposed fault diagnosis structure.
Experiment Results and Analysis
In this section we use the CWRU[8](Case Western Reserve University)apparatus platform and database to verify our approach, it's web site is: http://download.csdn.net/source/3107403 and the REBs data which is listed at Table 2 can be downloaded from this web site. 
EMD Mode
If with the completion of EMD mode, after the sixth energy components value of the IMF is less than 1: Figure 7 . Vibration signal and its first 9 IMFs under inner race fault with fault diameter of 0.007 inches and motor load of 0. 
Results and Conclusions
The number of CNN model for feature selection is obtained based on experiments: if the number is not too rich, information of signals intrinsic will Express not completely, if too much is prone to over fitting, we define the number is 80.Obviously, the combination of features number is 91.
The training and the test set in the SVM classification model, set number of sample selection on the basis of 4:1 proportion in the total sample space is randomly selected, if the sample number is 5000, then the test set is 41600, the training set is 10400.
The choice of CNN parameters can refer to Figure 2 The results shown by the Table3 and Table4, it is not difficult to see that in the bearing fault diagnosis, the method of bearing diagnosis time-domain and EMD features extraction, this error is small and with more accurate diagnostic ability.
